Panclicins A~E are novel and potent pancreatic lipase inhibitors produced by Streptomyces sp. NR 0619. Their structures have been elucidated based on NMRand FAB-MSexperiments. The relative configurations have also been determined by NMR experiments. The absolute stereochemistry has been determined by the chiral HPLCanalysis of the hydrolysates of panclicins A and B and by modified Mosher's method on a derivative of panclicin A. They are structurally related to /Mactone esterase inhibitors of microbial origin, lipstatin, valilactone, ebelactones and esterastin. Panclicins also contain a /Mactone structure with two alkyl chains, one of which has an 7V-formylalanyloxy or iV-formylglycyloxy substituent.
In our screening program for novel pancreatic lipase inhibitors, we discovered potent inhibitors, panclicins A (1), B (2), C (3), D (4) and E (5), in the culture broth of Streptomyces sp. NR 0619. Their structures were determined as shown in Fig. 1 based on NMRand MSexperiments, hydrolysis and modified Mosher's method on a degradation product of 1 and were related to /Mactone esterase inhibitors of microbial origin, lipstatin1*, valilactone2), ebelactones3) and esterastin4). In the preceding paper, the taxonomical study and the production, isolation and biological activity of panclicins have been reported5). In the present paper, we describe their physico-chemical properties and structural elucidation. Table 1 . The molecular formulae of 1, 2, 3, 4 and 5 were determined to be C26H47NO5, C26H47NO5, C25H45NO5, C25H45NO5 and C27H49NO5, respectively, from their high resolution FAB-MS data. Their UV spectra showed no characteristic absorption bands. Their IR spectra, which were almost identical to one another, showed absorption bands at 1822, 1738 and 1692cm"1, suggesting the presence of /Mactone, ester and amide groups, respectively. These physico-chemical properties suggested that the panclicins were structurally quite similar to lipstatin and esterastin, which contained /Mactone, ester, amide and di-substituted olefinic groups.
Since the olefinic proton signals, however, were not observed in the *H NMRspectra of the panclicins, obviously they were different from these /Mactone esterase inhibitors of microbial origin. The XHNMR spectral data for the panclicins shown in Table 2 were quite similar to one another and also similar to those of tetrahydrolipstatin (6)1}, a hydrogenated derivative of lipstatin, and valilactone, a microbial /Mactone esterase inhibitor having saturated alkyl chains. Although the 13C NMRspectral data for 1, 2 and 3 were also similar to those of 6 (Table 3) , the panclicins were different from 6 and valilactone having a leucine or valine residue, because hydrolysis of the panclicins did not give leucine or valine but L-alanine or glycine (vide infra).
Structural Elucidation
Planar Structure of Panclicin A (1) Homodecoupling experiments on 1 established proton connectivities in partial structures, A, C1'H2 (<5H 1.76)-C2H (<3H 3.21)-C3H («SH 4.30)-C4H2 (<5H 2.00 and 2.16)-C5H (5H 5.08)-C6H2 (<5H 1.62), and B, C3"CH3 (<5H 1.46)-C2"H (t5H 4.65)-NH (dH 6.16)-C1'"H (<5H 8.19). The proton 1"'-H was assigned to the NH-CHOgroup because it was coupled with the NHand its chemical shift 3H 8.19 was almost the same as that of the formyl proton in 6. Since the chemical shifts of protons and carbons in the partial structure A were essentially identical to those of corresponding protons and carbons in 6, the positions 2 and 3 were determined to be a-and^-positions of the /Mactone, suggested from the IR absorption band at 1822cm"1, respectively.
A carbon signal at Sc 170.70 was assigned to the ester carbonyl carbon (C-l) of the /Mactone because the chemical shift was almost the same as that of the corresponding carbon in 6 (Sc 170.73).^C^H long range couplings between C-l and 2-H and between C-l and l'-H obtained by HMBC experiments confirmed the assignment. The partial structure B was assigned to an 7V-formylalanine residue because L-alanine was obtained by acid hydrolysis of 1 {vide infra). The carbon signal at 3C 172.12 was assigned to the carbonyl carbon (C-l") in the alanine residue because of 13C-1H long range couplings between this carbon and 2"-H and between this carbon and 3"-H. The partial structure B was linked to C-5 in the partial structure A through an ester bond because of a 13C-1H long range coupling between C-l" and 5-H.
Intense signals at SH 1.28-1.35 (20H) suggested the presence of long alkyl chains. A triplet methyl signal (<5H 0.88, 3H, t, /= 6.5 Hz) suggested one of them was an «-alkyl group and two degenerated doublet methyl signals (Sn 0.86, 6H, d, J-6.5 Hz) suggested the terminal of one of them had an isopropyl structure. The isopropyl group was located at the terminal of the alkyl chain attached to C-2 by HOHAHA experiments on 1, since a relayed correlation was observed from 2-H to the doublet methyl protons (9-H'), whereas only a very weak correlation was observed from 2-H to 5-H and no correlation was observed from 2-H to the triplet methyl protons 12-H. On the other hand, the w-alkyl chain was attached to C-5 because of a relayed correlation from 5-H to the triplet methyl signal (12-H) through 6-H (SH 1.62) and the intense Although the length of each alkyl chain was not clarified from the NMRexperiments, this information was revealed by FAB-MSexperiments (Fig. 2) . The comparison of the FAB-MSspectrum of 1 with that of 6 yielded quite useful information on the alkyl chains as well as on the amino acid structure. Panclicin A gave characteristic fragment ions at m/z 337, 272, 155 and 118, which were assigned to structures i, ii, iii and iv, respectively, by comparing the values with those of the corresponding fragment ions of 6 at m/z 337, 370, 211 and 160. The fragmentation pathways were established as shown in Fig. 2 by collisionally activated dissociation experiments on 1 and 6. The collision of the (M +H)+ ion gave the product ions i, ii and iv, and the collision of the fragment ion ii gave the product ions iii and iv. The fragment ion at m/z 118 assigned to the fragment ion iv confirmed the presence of the 7V-formylalanine residue in 1. The fragment ion at m/z 272.1829 (Calcd 272.1862 for C14H26NO4)assigned to the fragment ion ii established that R: was C7H15. Taking the molecular formula of 1, C26H47NO5, into consideration, this fragment ion also indicated that R2 was C10H21. The fragment ions at m/z 337 and 155 assigned to the fragment ions i and iii confirmed the length of each alkyl chain Rx and R2. The planar structure of 1 was, thus, established as shown in Fig. 1 .
Stereochemistry of Panclicin A (1)
The stereochemistry of the /Mactone moiety, C-2 and C-3, was determined to be trans by difference NOEexperiments on 1, in which NOEswere observed between 2-H and 4-H and between l'-H (<5H 1.75) and 3-H. The relation of the positions 3 and 5 was clarified to be syn (3S*,5S*) by comparing the coupling patterns of 4-Ha and 4-Hb with the corresponding protons' coupling patterns of 6 (2S,3S,5S) and its 5R isomer 71" (2S,3S,5R), which were synthesized stereospecifically6) (Fig. 3) . Obviously the coupling patterns f The XUNMRspectra of 6 and 7 were sent by Dr. W. Vetter and Prof. A. Fischli of F. Hoffmann-La Roche
ResearchCenter. 
Fig. 4. Stable conformations provided by COSMICforce energy calculation using MEMESIS7>8). A:
panclicin A (1) and tetrahydrolipstatin (6), B: 5R isomer of 1 and 7 (5R isomer of 6).
AA-CHO: 7V-formylalanine (1 and its 5R isomer) or N-formylleucine (6 and 7), Rx: (CH2)6CH3 (1 and its 5R isomer) or (CH2)10CH3 (6 and 7), R2: (CH2)7CH(CH3)2 (1 and its 5R isomer) or (CH2)5CH3 (6and7). of 4-Ha and 4-Hb of 1 were not similar to those of 7 but those of 6. The large coupling constants, 3-H-4-Hb =A-Hb-5-H = 9 Hz, indicated antiperiplanar relations between 3-H and 4-Hb and between 4-Hb and 5-H, which were consistent with the stable conformation provided by COSMICforce energy calculation on 1 (2S*,3S*,5S*) using NEMESIS7'8) (Fig. 4) . On the other hand, the stable conformation for the 5R isomer (2S*,3<S*,5JR*) of 1 obtained by the calculation had a synclinal relation between 4-Hb and H-5. The absolute configuration of the alanine residue was determined to be l by the chiral HPLCanalysis9) of the acid hydrolysate of 1. D-Alanine and L-alanine were separated over a reversed phase C18 silica gel column (Capcell pak C18, 4.6x250mm; Shiseido Co. Ltd.) developed with a solution of 2mM JV,iV-dipropylalanine and 1 mMcupric acetate at a flow rate of 1 ml/minute, d-Alanine and L-alanine had retention times of 5.1 and 7.2 minutes, respectively. Hydrolysis of 1 gave the latter peak. The absolute configuration of the position 5 was determined by modified Mosher's method on a degradation product 8, which was prepared from 1 by decarboxylation followed by alkaline hydrolysis (Fig. 5) . The alcohol 8
was separately treated with (S)-and (K)-2-methoxy-2-phenyl-2-(trifluoromethyl)acetic acid (MTPA) chlorides to yield {R)~and (S)-MTPA esters, 9 and 10, respectively. Detailed analysis of the *H NMR spectral data of the MTPAesters revealed significant and systematic differences between the proton chemical shifts of the MTPAesters (Fig. 5) . Whenthe molecular models of 9 and 10 with 5S configuration were constructed, the AS (S10~S9) values for the protons oriented toward the left side of the MTPAplane were negative, while those oriented toward the right side of the plane were positive. These data indicated the S configuration at the position 5 according to modified Mosher's method. Therefore, the absolute configurations of 1 were determined to be 25, 3S, 5S and 2fS, which are the same as those of 6.
Structures of Panclicins B (2), C (3), D (4) and E (5)
Since the *H NMRspectral data for 2, 3, 4 and 5 were almost identical to those of 1, except for the proton signals assignable to the amino acid residues and the terminal methyl groups of the alkyl chains, their structures were determined by comparing their MSand *H NMRspectral data with those of 1. The amino acid residue of2 was suggested to be alanine from its proton signals at 3H 4.65 (1H, dq, 7=7, 7Hz) and 1.46 (3H, t, 7=7 Hz), and it was established to be L-alanine by the HPLCanalysis of the hydrolysate of 2. The amino acid contained in 3, 4 and 5 was suggested to be glycine from doublet of doublets' signals at <5H ca. 4.0 (1H, dd, 7=5.5, 18Hz) and ca. 4.1 (1H, dd, 7=5.5, 18Hz). The fragment ion at m\z 104 in the FAB-MSspectra of 3, 4 and 5 also indicated the presence of iV-formylglycine. The presence of the glycine residues in 3 and 5 was confirmed by the HPLCanalysis of their hydrolysates under the same conditions as those for alanine.
Because the *H NMRspectrum of 2 showed two triplet methyl signals at 3 0.88 (6H, t, 7=6.6Hz) but did not show any doublet methyl signal other than that of the alanine residue, both alkyl chains were determined not to be branched. Both of the alkyl chains in 4 and 5 were also determined not to be branched by the analysis of their *H NMRspectra. On the other hand, one of the alkyl chains in 3 was determined to have an isopropyl terminal, since a triplet methyl signal (<5H 0.88, 3H, t, 7= 6.5 Hz) and two degenerated doublet methyl signals (<5H 0.86, 6H, d, 7= 6.5 Hz) were observed in the *H NMRspectrum. The isopropyl group was located at the terminal of the alkyl chain attached to C-2 by HOHAHA experiments on 3. The lengths of each alkyl chain Rx and R2 in 2, 3, 4 and 5 were also determined as shown in Fig. 2 by the analysis of their FAB-MSdata. The relative configurations at positions 2, 3 and 5 of 2, 3, 4 and 5 were suggested to be the same as those of 1, because the *H coupling patterns of 2-H, 3-H, 4-H and 5-H were identical with those of 1. The optical rotations of these compounds, which were similar to 1, suggested that these compoundshave the sameabsolute configurations as those of 1. Their structures were, thus, established as shown in Fig. 1 .
Discussion
Wedetermined the structures of novel and potent pancreatic lipase inhibitors, 1~5, whose biological activities were reported in the preceding paper5). An 7V-formylalanine residue is contained in 1 and 2, whereas an 7V-formylglycine residue is contained in 3~5 instead. The iV-formylglycine residue was thought to be associated with more effective inhibitory activity than the Af-formylalanine residue, because 3 (IC5O =0.62^m), 4 (IC5o =0.66 /zm) and 5 (IC5O =0.89//m) were three or four times more potent inhibitors than 1 (IC5O=2.9//m) and 2 (1050=2.6^). In contrast, the isopropyl group of the alkyl chain in 1 and 3 did not affect the activity. The structures of the panclicins are related to those of the /Mactone esterase inhibitors of microbial origin, lipstatin, valilactone, ebelactones and esterastin. Among these known inhibitors, only valilactone, produced by Streptomyces albolongus, has saturated alkyl chains but no unsaturated alkyl chains. The length of each alkyl chain in valilactone, however, is shorter than those of the panclicins, and it has an N-formylvaline residue in place of an jV-formylalanine or iV-formylglycine residue. Since lipstatin, a potent pancreatic lipase inhibitor produced by Streptomyces toxytricini, was unstable due to its olefinic functionality, its hydrogenated derivative 6 was synthesized to overcome the drawback. Tetrahydrolipstatin (6) was not more unstable, and it also showed potent inhibitory activity against pancreatic lipase. We isolated stable and potent pancreatic lipase inhibitors having no olefinic functionality from a microbial broth without chemical modification. The inhibitory activities of 3, 4 and 5 were two times more potent than that of 6 (IC50= 1.2/iM), which reduces dietary triglyceride adsorption1^and is being clinically investigated as the agents for obesity. Therefore, the panclicins, especially 3, 4 and 5 are also expected to be useful as antiobesic agents.
Experimental General Procedures
UVand IR spectra were recorded on a Kontron Uvicon 860 UVspectrometer and on a Hitachi 270-30 infrared spectrometer, respectively. Fast atom bombardment mass spectra (FAB-MS) were obtained with JEOL-DX-300and JEOL-HX-110 spectrometers using m-nitrobenzyl alcohol as a matrix. Optical rotations were measured on a JASCODIP-140 digital polarimeter. XHand 13C NMRspectra were recorded on a JEOL-GSX-400NMRspectrometer with TMSas an internal standard.
Preparation of 8
Panclicin A (7mg) was heated at 200°C for 1 hour under Ar. The reaction product was dissolved in 1 n NaOH(0.25 ml) and stirred at room temperature for 19 hours. The solution was diluted with water (4ml) and extracted with dichloromethane (4ml). The extract was washed with H2Oand dried over anhydrous Na2SO4.The extract was evaporated under reduced pressure, and the residue was separated by preparative TLC (Rf 0.38) (Merck, Kieselgel 60F254) developed with hexane-EtOAc (5 : 1) to give 8 (1.7mg 
